Abstract. Drought is a main water-related natural hazard due to its features, sensitivities and effects to all sectors. According to climate change scenarios, drought hazards are expected to be more devastating, especially in arid and semi-arid regions. Drought characterization is essential to be aware of expected negative effects of droughts as well as to devise water management plans including possible mitigation measures. To this end, many drought indices have been developed for drought analysis, one of which is the Standardized Precipitation Index (SPI) that is widely used worldwide. In this study, a new drought index is proposed, namely the Drought Power Index (DPI), based on the SPI with orientation by reliability-resilience-vulnerability (RRV) concept. The use of the RRV approach with the SPI time series empowers the drought characterization by considering the frequency of drought event, drought recovery period as well as the severity of droughts-once a drought has occurred. Since the drought is identified as an unfavorable phenomenon, the DPI ranges from 0 to 1 where the higher values indicate higher drought devastating features (probability, duration and extremity of drought) and vice versa. The proposed approach is illustrated with reference to the Southeastern Anatolia Region, Turkey. The long-term monthly precipitation data of eight meteorological stations under the operation of General Directorate of Meteorological Services of Ministry of Forestry and Water Affairs are used in the study. The 12-month SPI time series, which were later used for calculations of DPI, were obtained by the use of SPI_SL_6 software. The study revealed that there has been an increasing trend in DPI values in the basin, especially after 1993. It is concluded that the DPI is a valuable indicator for (i) spatially and temporally evaluating the drought characteristics, (ii) analysing meteorological, agricultural and hydrological drought severity with its coherent capability with SPI, (iii) ranking the regions in accordance with the drought vulnerability conditions.
Introduction
Drought is an important natural disaster, which has a wide range of negative impacts on the environment, agriculture and the economy (Man and Modra, 2008; Acikgoz, 2011; Konyali and Kiper, 2012; Gurel and Sener, 2012) . It can be defined as a prolonged period of time beginning with a decrease in precipitation amount in a given region and a certain time interval; however, it is not possible to make a general definition due to its complexity, spatial and temporal variation and impacts (Heim, 2002; Wilhite and Glanz, 1985; Maracchi, 2000; Tate and Gustard, 2000; Tsakiris et al., 2007) . The general approach to quantify the droughts is using indices. World Meteorological Organization (WMO) and Global Water Partnership (GWP) have given a wide and detailed literature and findings of drought indices for researchers in the domains of meteorology, hydrology, agricultural research and application, remote sensing, and water resources management (WMO and GWP, 2016) . Depending on their structure, characteristics and their ability to fulfil certain criteria, some of them are used of dry and warm tropical air mass while the winter is warm and rainy. The average annual rainfall varies between 400 mm and 700 mm, and the mean annual temperature is about 18 °C, due to the high summer temperatures that approach 40 °C in daytime. The SAR holds 20% of the economically irrigable area of Turkey, while accounts for 28% of total water potential. In the fertile lands, the agriculture is the main activity, so the drought has vital importance on socio-economic development.
Figure 1. Location of the Southeastern Anatolia Region (SAR) and provinces in the SAR
In this study, although it was intended to calculate the DPI for the entire region, due to lack of adequate and reliable data for Şırnak, it is excluded from the analyses, and DPI values are calculated for the remaining eight provinces. Table 1 shows the geographical co-ordinates of the meteorological stations chosen in the SAR. The precipitation data monitored in the meteorological stations between 1970 and 2017 were obtained from the General Directorate of Meteorological Services of Ministry of Forestry and Water Affairs. The statistical parameters of monthly precipitation at eight stations during the study period are presented in Table 2 . 
Standardized precipitation index (SPI)
The SPI is a powerful index with easy calculation steps as well as flexible time scales (e.g. 1, 3, 6, 12, 24 months). One of the main advantages of SPI is that it use only precipitation data. The index quantifies the precipitation deficit and surplus, taking into account the time series of cumulative precipitation for various reference periods. First, a Gamma distribution (two parametric) is fitted to precipitation data, and then it is transformed into a normal distribution. Therefore, the average of SPI values is 0, and the standard deviation is 1. For the studied area and studied period, one can identify the wet and dry conditions in accordance with the classification scale of SPI ( Table 3) .
It should be noted that, there has been studies which use different statistical distributions (Tsakiris and Vangelis, 2004; Angelidis, 2012) , however Guttman (1999) showed that there are only minor differences in the results of SPI with respect to magnitude, duration and extent of drought. Since the SPI is a well-known index, the detailed calculation steps are not given here, however, it can be found in several papers (Mishra and Desai, 2005; Dashtpagerdi et al., 2015) . In addition, the SPI software used in this study (SPI_SL_6.exe) could be download from the link given in the WMO (2012). 
Performance indicators (PIs) for the SPI time series
The PIs are generally used to evaluate water management alternatives and/or to enable the comparison of decisions (Hashimoto et al., 1982) . They can be simple averages (e.g. average of deficits), simple ratios (e.g. cost/benefit) and probability of time-based or volume based reliability.
In this study, the SPI-12 (12 month-SPI time series) were evaluated with five PIs defined as reliability, resilience, vulnerability, maximum extent and maximum duration. This procedure can be illustrated by considering any selected indicator C, whose time series of values is denoted as Ct, where the simulated period, t, extends to some future time, T (Fig. 2) . To define reliability and resilience PIs, a single limit of unsatisfactory is assigned to SPI ≤ 0 for SPI-12 time series, which demonstrates the deficit from the mean amount of precipitation. Reliability (REL) is defined as the probability that any particular Ct value will be within the range of values considered satisfactory, and is calculated in accordance with Equation 1.
(Eq.1) Although several definitions are possible for the vulnerability (Sandoval-Solis et al., 2011), in this study it is expressed as the probability of exceeding a certain threshold. Here, VUL is obtained by using the following relation that accounts the "drought events" (SPI ≤ -1), and "severe and extreme drought events" where the SPI ≤ -1.50 (Eq. 3).
The maximum extent (ME) of the drought is calculated by dividing the minimum SPI that is experienced in the study period, by -4 (Eq. 4). Here, an assumption is made as the worst-case drought magnitude, SPI = -4.0. It should be noted that, it could be determined in accordance with the experts' and decision makers' opinions.
(Eq.4)
The maximum duration (MD) is considered as the ratio of maximum duration of continuous droughts to the worst-case drought duration (D), which is accepted as 3 years (36 months) long drought period in this study (Eq. 5). It is thought as a threshold after which the devastating socio-economic effects may occur in agriculture sector.
(Eq.5)
Drought power index (DPI)
The DPI can be calculated by combining the REL, RES, VUL, ME and MD indicators as suggested by various researchers (Hashimoto et Here, since the drought is identified as an unfavorable phenomenon, the indicators have to be arranged in accordance to their criteria type (minimizing or maximizing). For example, the reliability indicator is a maximizing indicator even if we calculate sustainability (maximizing reliability is a desired situation). However, in this proposed index where the main aim is to determine the devastating effects of drought with a single numeric (the power of droughts), the reliability is considered as a minimizing indicator. Therefore, the REL indicator is added to the geometric average formula as (1-REL). The same approach is applied for all five indicators, and the DPI is defined by 
Decision scale of the DPI
The DPI is a valuable tool to demonstrate the drought character of the given region. However, a decision scale has to be proposed to evaluate the variations of drought character spatially and temporally. Since the drought power index does not mean the same thing for all water users, the proposed scale is flexible in accordance with the decision makers' preferences. To this end, the personal conversations with the water managers and crop yield experts in SAR are addressed the decision scale with the limits of indicators and the drought character ( Table 4) . 
Results and discussion

The assessment of the SPI-12 time series
The SPI-12 values obtained by the monthly precipitation data corresponding the eight provinces in the SAR are given in Table 5) . Although the SPI-12 time series is different from each other, it is possible to say that percentile of total droughts (total of moderate, severe and extreme droughts) has been increased in Mardin, Şanlıurfa and Kilis, due to the increasing number of severe and extreme droughts after 1993. Those results are in accordance with the slope of the regression line given in Figure 3 .
Assessment of the DPI
To make an evaluation that base on the log-term drought conditions, the PIs and the DPI scores of each province were calculated ( Table 6 ). The two different evaluation period constitute better understanding the variation in the drought character of the provinces. The REL scores are slightly decreasing in the SAR (except Batman and Diyarbakır) that means the annual total precipitation gets less since the time elapsed. The reduction in precipitation amount is more evident in Mardin, where the probability of getting more than average annual precipitation is decreased from 70 to 53%. The RES is similar for reliability, so the number of continuous droughts is increasing while the individual droughts are decreasing. This is another important result for the region because continuous droughts are more devastating for the socio-economic development in an agricultural dominant region. Again, the decreasing in the resilience indicator is determined significantly for Mardin, and none of the provinces get an increment in that performance indicator.
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The MD is an important indicator in the proposed index since it detects the longest drought duration relatively. Siirt, Mardin and Diyarbakır has experienced the longest continuous drought durations 24, 22 , and 21 months between 1970 and 2017, respectively. Excluding Adıyaman, it is clear from the increasing MD values that the longer droughts have experienced after 1993 for the other provinces.
Considering the end of 2017, the droughts were characterized as strong in seven provinces and normal in Adıyaman. When we compare the DPI values for 1970-1993 and 1970-2017 , it is clear that there is an increase in the drought power generally. The DPI increase 43% and 25% for Mardin and Kilis, respectively. The ranking of provinces according to DPI scores for and (1970-2017) revealed interesting results ( Table 7) . Due to the droughts after 1993, the orders of Mardin and Diyarbakır have moved from bottom to top in the ranking list. Adıyaman seems to lose drought power relative to the first period due to the environmental effects of Atatürk Dam, the biggest dam in Turkey with its 817 km 2 reservoir surface and under operation since 1992. The results of the Southeastern Anatolia Region case which is in line with the findings of other researches (Sönmez et al., 2005; Oruç, 2017) are revealed that the region is under the threat of intense droughts. Moreover, it is obvious that the droughts have gained power after 1993. The increasing in drought power is more evident in Mardin, Diyarbakır, Siirt and Kilis, according to the DPI as well as the DPI rankings. Therefore, starting from these relevant provinces, the more efficient drought management plans integrated with water management policies are needed to overcome or reduce the negative effects of droughts in the region. Before concluding, it is worthwhile to mention here that the most critical factor in the RRV approach is the threshold selection process, as by using a different threshold, the results will be different. In the DPI formulation, a reasonable procedure (regional experts' opinions) is proposed to identify the failure thresholds and the performance limits to obtain the decision scale. More research is needed into choosing the threshold level for different hydroclimatic regions. Towards this aim, sensitivity analysis, which was beyond the scope of the present paper, is suggested as a tool to assess the sensitivity of the DPI to different SPI thresholds. However, the DPI withstand the RRV framework approach, which has the ability to combine and quantify performance indicators. That is a key advantage of the DPI. Moreover, in recent years, more attention is given to the development of hybrid frameworks that could provide more reliable assessments with greater clarity and consistency. With its composite design, the DPI also fits well to that concept also, and can capture the long-term drought characteristics. Additionally, the DPI only needs the precipitation data that are relatively easy to obtain and process. In other words, the DPI also carries the advantages of the SPI.
Conclusions
In this study, the Drought Power Index (DPI), a modification of widely used SPI with performance indicators, is proposed. It aims to enhance the standardized precipitation index in characterizing drought's devastation power by logging the historical data. The DPI is a single metric to assess the historical drought characteristics base on the given performance indicators. It allows to evaluate the droughts by (i) considering the probability of occurrence, (ii) the speed of recovery once a drought occur, (iii) the relative frequency of severe and extreme droughts, (iv) maximum magnitude of experienced drought and (v) maximum duration of continuous droughts in a single metric. The selection of the time periods in SPI according to growing season of the main crops in the region as well as the decision makers' preferences on threshold values could make the DPI flexible and adaptable for the different drought management policies. Since it characterizes the drought power, it would provide additional insights for the studies dealing with socio-economic droughts, ecologic droughts as well as agricultural risk and insurance.
The presented case study is indicative to represent the DPI. It is noted that the use of the index in different watersheds should provide consensus on the effectiveness and the applicability of the proposed index. Moreover, the main recommendations on this approach include the application of the proposed approach to different time scales of SPI (e.g. monthly, seasonal or crop specific vegetation months for rainfed crops), investigation of the responses of the performance indicators to different SPI thresholds and application of this framework using other drought indices (e.g. Reconnaissance Drought Index). The further studies will reveal conclusions that are more comprehensive, and will help water authorities to assess existing situations, plan for future scenarios, implement processes and thus increase efficiency of the investments.
